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X • ^ £14. JL C ^ it 0^* ts. Xv^* 

I«X lutroductiuiu 

lu Si'^^iti:uti.oxA&^ i-QliL civiliitn i^ua ^ 

tkiij lai‘ ^ c>£tfc.«* al **^1 lai* IrKUtSOixkt^Bion 

of iJAtr«iMj 1^1 141V aCCUIv^C^ , liAv- %l%X\.l:f USttd 

sy&tw lj;txcs Cio2v<l 

fc^ZiCiao ti;ai;3S.4:«i£.i--iwi* i.o^wv-,z tj;.i^ 

r4i$^ulr%»£ i^ti^&icaX coijX;t.e^lw*a. ttiv .|-:juc.iit 

uziltz» ifiith tz*c ^roiixtitlozi of toui 

Zl6:I^4^t4.V^^ tx «a^X<itiCZ 2 of ttxi$ 

co-iOUL-nt XtZs. 

%x> tnc^k. Xif.ttx'ictx.ctiii. tat ioxlomu'^g 

oi4tllx^«!» a *«otiiod of biz*ai> of 

obtalii^tie Ui^ i^otcitiuctai of ax* ouliUt 

ch.U^i of tbo Ui.ii ^raviixii^ x.xifoi^wati.oii to to tiaiis- 
iniitt^ Ika iosiiit^ng bi.XH>a> Xiu^boi it n^M io a &tt:(^txe 
m>iy stoi^.*i« 'uilt ito^ •i.icxi^ Uio u£<e ot hx^xi 
digital e^lcoiatUig tvc-aii^yies, it co^io bo uziv.o X 02 
fi laAit oX tr..>.ri,Jt.o.ittti. 

k^vaiXa i«f for ti*o -»^coUiz.g of 
tho at a ri^Ciiivtisi; <**#4 iko 

visual i-rc,«ct 4 t^tioii of lAe a^sizti ixJora^tioz* ozi oiti^or 
<4 binai^ oz' nk^xiiu^l bxi&is« iKzreovor, siixc«. tli« ^.z^cociiDg 
and itox .£o is^ costixi^uu^l^ iit a oC c^-ei« xato 

tni^^ ti aoi^iXttfeo liiloratatloju, arthough 
coxitxnu.uu& foi UiloriMati,^!* ir^iiat*.un fi,a-,ut«xici-* 

C 02 ISidol •bit lovcx tXxax bO C^»cl4.i<, |J»5 ^lii y*4 USO^l 

Cwi V t • 
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C*^) -li >, t.w • Itiisi bw^t.xc or hiju<i.r^ 

4i.x*c^axijg is iu rxguxo 1* * txiegei i^uis# Is 



^ \t-.,.J t.^-C/^..u.4i>.* ft.?-. .--»^ ■ O-i., u^.. v .a4.j;^ix.v.^1.. %^i 

ititroducou ii,ta Uu^o to («.) si*it 

th<c of ^4 i-ov^bitj tiwc iLut^€i 2 {b) o^ox tc 

this clc^ilrig s«^etiois of ji hinar^ coioitfei 
reset the totiix cu^ait to aiKi (c) set i* 

cijrcuJLt thieh Oi-i-aii a gate ltit\-r^as.oo hct^e«ai «» 
rre oiCilia twr a tixi<a^. coujtiie.s ^ tuus 

tue couatcj- toWi to inciee^c lixie^aijr istto ATt^r 

a ti&e intorvoi U.e rot.^tioj>^l -ata ixi^ut 

(aixaloi,ut. wata) f^v^hle getier^tur 

a pwlse, resetting the lli^-rioj^ 4^f*ci doting ti*e to 

the counter. The total caout leac^vu-a tht. tina^ 

COUlittl* tuX to a l.<41Ct*eX4 OS tive 1JKC ■, 02 

th» oscillator U.e xiitelVal bet.ee*- the liJLf&lol 

j'XiiSfe aiin* tlit 4-ov<i4.hie tifciiO 1 oiso* 

b =-r^ u) 

«heie D|j 1» the tiudis^itiaa encode^^i on Lasts 


























t is tnw 

; iXi Uali.ts OI t€^%. OiCiliatOI J, cl i. 

ii the a^-€r-^Lic»i4 wi tuc ajovabitJ ti^ cxi'c^it is 

XiTic^ir 1^1 th les^cct to uUiulafuc ,i*.vta 

t 5 K (i) 

ais4 

r (* ) 

%h^im D^ is the uat^ u*^ut i«ii4 s i;. me 

comx^t^t of ^rOtOXtio:i^*i.lt> • Tn^ €iUbse,^uetit iintio- 
ductloii or « secam trxg^cr jfc,-w.lse sill c*>iU5c ic^otition 
ox txio eivtXA w I eteit ih ' ti-*^ fc. tw tObi&'fct, 

dkO*iviH^cd a cixirXd c»0'i<-4A.t c« 

ifiiUt. luus uii «* Cj ciic o^ois is 

fij.«sieio iiUia, ai> viiX tv dwcl^^vd 
oesirable* 

(fc) Ictftfdt.cvlAm wf _uv. ^.t-,, - l« th«- v^s.t 

fct ioyioiT c«jiw • ■ w|( ^i*x^i*tin^tirjt.^ti to ev dicoiioxi 

be ottoXHierCi ^Si li-ivclMiiiXctiiX i»Juitxoxi vX' s.i*ni.Oi v>iXiii|j^ 

or iccoiuxttis dtTict. It occ i 'OtiOti or the 

rolift hiiob oi »* jr.xii£v vt»^uv>^ilug ^^iirice, u^v *otxu»a 
tliv ija^-vt 0<i to >* Sfe>iO • V'UtXd di<kiXj^ d 

lci*ub ti^vd la bsX«iacu*s^ ^ deciiic**! tdrxa 4 ;.e a 

ut.asvrii-Lg Xvvico^ ta^ xtfav.r oi Ui^ivA 

a^a-Ui.^ t «i e>c..lt^ OI ii» uuiia-s.i'uct otx^«r • >a «xi 

these c.*Lts h0ifeov%.r, it x.% thit tnv *^tivii d 

the cteusuiihi uvvice to vr^cr w eoiit*oi j^usitiun 
oX* the &c,>v^tX& 4^4 oX «J vt<i‘tioi*>»vt*fe<i*» ve 

i^osittua 1 Ccui he coiiVvit^X la o s^i'a-X 

suitable ior ifitioaucti^h iiitu tae s<uvMbXt titM. 
geaei^tor. 
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- lu luux 44k.tr^a& 

Ot CC2itUJi^.wu&l^ 

ca.*^^iii^ u*4.u. ia Ui^ii^^i^xug ord^r or i;iee^si.or. ob . ai- 
afei# Itli i'«iS>4^ct to tx-w^ dure: 

{1} til# ciitW.oavco^j w^xcxvxti *tor, 

{%) the ^ tr^sxp 

(c) ^ C4.icuxt ii«&va oa a ^oietooth, 

ttis' |.•Xj^dLi. tXi t» 0i 'jt ^ X'Cii Vwt* t»Xi^U*SK i^ X-X * 

itat«.iUA4h> ^ i,iwcXfcioi* xs uttv-^i*mu.Xo 

oiii;y ty lacr^^xt ia oX’ tXit*. ctrcs-xvi^ iitvoivtii* 

5aiCc it Xi> 0tv5;xrt.u to -•cia.x^v® «4i ov4^A*.li 

Cw^iOiAtxO ai aCCw.ii-C^ to tUCit Ji dt tjii.CiitO 
(rOwts,Ul> i ix* «t tt»V^tXi; ti^ ifc.&lXtX 

^t^iuiXtjLiit ti*X£ wi cc*xiXiCj t be 

i^vioctod, WU^ous- (x), (e-), fe**A i^j all 
itesitxtv4*fci.iit tut kiC'tuO'i (-'i) u.voxV^t too ^ucii ty 

fox tlK iosult uoitroJ. tiliut o^tbwx (t) or (o) 

a|.|.fc'44*& fc^vlt/blo. J^tV4to geaOitoi ewie;&ldei^tioux 
laiiti at uh^LLti €ui \%::u xu tiio couvexivi* 

covtivd tali 

!rra'Ougii ti%e ui«;- oi tiie cxrcuit 

tx£^ liXQ' bo Vh* Ij.' A'*.rOiiteO tiiO toXta^e Xit'v wA «s XAlieOX 


** raroil^i deveio^ ox a uaixng iri#? 4^Auaa-&trou 

circuit if5 cov^Jtod Iv cl iM*xtvr*5# t“CH>AiV%rA^xo4* ui 
Box^gt; or iato Biaa^y Oat- hj cze v^r a C^eilc 

by Grabo«6ii^ h^abo^. 
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sa^^tooth v.ave above a zero rerL;rence level. Contirmoas 
comparison of the Kkignitude of the sav*tooth against the 
signal voltage corresponding to the analogue data 
permits the generation of a marker pulse v?henevcr 
enuality exists. Thus a signal pulse may be generated 
which is delayed from zero reference time by an 
interval proportional to the signal voltage level of 
the input data. 

(d) Comparator - A comparator is a device capable 
of performing amplitude selection. Of the several types 
in comiiion usage tne uiode selector shown in figure 2 
is almost universally used for the selection cuid 
reproduction of a portion of a waveform where accui^ate 
evaluation of boundary setting is of importance. The 


Fif.. 2. Sinrle diode comparator 
DIODE selects the portion of tne sawtooth waveform 
above the reference voltage thereby causing an 
attenuated reproduction of the selected portion of 
the sawtooth to appear at the diod<= cathode. This 
positive signal is quasi-differentiated in the grid 
circuit of tne following tube, amplified, and further 
differentiated in the amplifier output. Fui‘ther stages 
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ii^X ^ •'K,. m 

^O it 'U iL-t^ • X> 4i X^' ^ i JwJ* <t^Vt5 ^ 4t ^ .Xw** hii»^X Jli%ttt9- i £ '9f te jf, 

X*9 tn-Xi^a^ i m£ £[ V 4 t 4 ll^tC i A M--*jk« 

kitiijf^gs^ tu^s. iA.aitwiliti^Xi*i /infitt uio-j. 
®X'’-*XOX* 41 ^ X^Ct’’fe'*J ♦»* X*-*;,. *!wWt,'t» .& i tr r:>.w '4 <« XwJt 

x.5.^ 4^:* t^uV\.itii.i 

gi¥^n U> tac d^uXfXi.- in 



^X ^* - X^JT X ^X -. 44 ^ 0^0 * * 4 ^* !»*. ii- X'^^jAiit-X^jiii. ^ 4 S.<U'i X XCi^ 

Xx» XX^Xf • •* * tfcX fc4>X®X^ ^ j %. <«.i. 

0 -jfXi.t** tv# & i**«A.-. 1 /xC Vsilt. 

•■ X*.*€x. Xral^w Wv»< VX-^JVXitA X*i.*-^- t. 4-•.^ ■-»%» k. *«%r •» J *- -4 « i • A, W 

X XX 4 » a- 4 ^ <?♦•*• ■'J'X • 4 #«-«k‘ Vw'XX.’i t ^ ^ ^ ^ ^ '^' 5 * '■ 4 a- ^ 

OiClXlitwi Zi^.uwCw^ iCtk^ifeC tiHk ;--,», 4 .uwtiA 

auccfeA-tive c>civi w* ^tciixaiiox i£ 1 , 

lA,s...biilt^ A X:,.t tk i4 c«^-,.r-ivr 

^X¥¥ W- fSt^C L*-i i= y S—^ nAw A kLettijf i ^r -IVkaiX Cr 

X^^XXijiiX 4 « Xa«^*» X-Ix Xc'-C'- vCu*. *-',>-c-i tr 4 kiAA«iA 

linu uy* ixcviii&i.«r Cw*-e 4 .<^vi'.. i-iuct 

ti.V/ t c* 

t^ifciw^iiic olao«x, • XtaC*- t->v c 2 : <. l * > .i,a 4 ii.-It^ 


ijA-*i ic-'cr v«4.x4if it* > *ti<i*-i 11 % iB» - X tiv^i f4*»**i^ ‘. “A^ 

^ 1-I'd ^cJT# DuX i*.4^<tfA 
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(*-) tit** .ui.r* 

ocCMr In fe^iv i**4 !>• t Ail alt. 

:*4.i' 4X€Xv^<-^OIr«lax^ €4.XCwli&, Tib& t»w A.C 4ir^tlAFM 

t.ri.%giti xx^, gii-i i-i4..t<u, uvt«wi«».ljUu tut. :^^CXX1&: 

ciiC^it Uiggviv^ c*ic^it 

1.x AWlv.'i XU X^guits 4* liA. 

- !. _ ^ . 

_ f • 

T 

■t 

• - 

I 

if Mutin. iii».;i< .^.iii., I.x ^ JiiXf 4^-,lhAW ff J —^^r^.>4fcki8, u.„a..,U4lJI 

Ixilit Qi u^ltk^lm tt.it> It *.»-• X4iiu 

tri|.fvr-.ug xxiiicuitxi^x t a.*Iu 

tji SiiuXe.«» w«-U CXiCvXt 4 4!^1 W^!r * j^wtf Xi^s^aZ 

rv*tx:^ g-f circuit u..v. jk-* 

-i- IjAi X'tt tl Xc. ^ VX 1t»^-tft Cr 4.i X U X « £4 

U ac*»iuv.-^ Qi-' v4i^£j dt l.Ci'C, oiiU i5 

eliCiit iwt c^nvui . ius.*^^x^ a; 

rt;iia^5iiit> af ai;C4 xi-.ii 

Jifc^' att-ixA^^ ttife Cwviiiiu.^ 

AUgitt« 



V.UU 








I 


1 

-L , 



(t) Cg CXic vf Vh yt X^ii'i^ ^ In %.U4^ v-V-I il 

%*^XQT^^- 4.*“ t- * ^«n> - l».***^ i * C«»^ 1 t XQL> 

t;.c .^ 1 . c-nv^:ivi c t c 

rS^V^^X ^ ^ *»>*^ IIk^O* •* ^ X ^ Jt ^ 3 Vl ' () 

-wX* * A’5^4i»jkVt«'* X.i.--i14tOr« < LjtX • vi- ^1 ^4k*'‘ ^ 

0 ‘^ 3 j.j>^ X&-X>A V'iaS^ i|,?vl»>^ *-4 i Jbi 5 *<^ I.C 4 J^'fc’W'X'S ^ 

a^<.r. t^- U* ^Itlxr tU-^4^ ..i --..cit-ail cw-u tc 

• li t.-i. u^t- v«ii le 

|.Cil«^ iv &.4 tiri I* U.fe i^txj I 4 kii'-. O* f .’ I 1 ^ 

eji, tiii’t. vi^f^v^ i ^i t ^jLi * t*' i -^sitL’it 

XtsX Ovit-' ♦ ^*4 **..iXXiVtp XTiXOa Xti!« 

U,c ijlffectt ul circit li* • i,vu 

rJt-ct *.<kCc, tl^i * li.i L ^ xxKfi- tz- ^ r -t>c 

tU « 3 fK., t 4 . 0 ** Ol 6 trX^.i-A r' 4 i*U%fIiQ- 

Sfrf uO C;jclc-, 4 lvii% iXtlvl-i* of 

fcicro-: i.cv.r/i 2 a* 

Ik Mils t*i# t:o t.ouii 

tafcTvXo>«^^ i, lltja" je*'tlon5 Lt U 

It 4i*Ci^JvJ ti**t Mti^^•4Ctv;ri^ Cv>v£»tt.i Qi-^t»ti%/gi 
c^vXd. b«. obt.li^eKi «« high nt XO(Ac asif:i tiut 
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CU.UAX ta cc^v^t the Tvll i'i..ngii. 

aiiaioguft S^ta 5h3uI4 tw the oricx uf ..60. Irius 
the xe ^ulrcd for a count it c6C0 &.icro- 

secori<ls the tut;,' cycle ie I/^-. Tut* is 

a&tlefaetoi^ for t..c rro^ cr Oi=er^-tion of tiic Ixiiwr 
si&eex circuit. Ilciicu t*ie aiiclrX^itaJr frv.» 4 Uency 
be at i00kc« 

It met b« nateci th^;! tnc couxiter tccoi-^:^ a 
tt^tic 2 ist.siiory ctci <;>. t.nK for tne totsX -urt?*g 

the ix;t^x"vol of cjunting i.fC r»;trig- 

gering of u^tire It i& 

th:.ii thfc couritcr . be to cofitrol c. uatrlA 

Xirr.*-^ of 

r.f. c,^rricr. :‘u.ce dit^ltal Cwci.iOtir.^ t^AChlnir- 
0urrc«itIy lit ^tio»> at s^^rgMCyde tiie ociv»te6 

ticchnl^^iicn %o\xla tiio co.>w^. lotlij^r* uf 

i^rvd. tr*-xxr^ie..xoh o/ tui. t^acaawi liOLoxwtia^i (co.*oii,tliig 
of Tiluv hlr*4ay d^it position;:) in 1C 

or IvX-S. £*riCe thl ti vTiSullf^ion fs^ XIL 

tht ic,^virca to t:i;eche tuo onto 

ihercfoi’e the u*c»-?..in- bo aonc at tUi. 

cow^.a.i'itivcil^ clot; iCChc late, tnv c^ cie tor 

the tr>nenitt*^r i£> XC/ic,!^^. it ix &. th-*t a 

gre^t deal of losing CaJi t-e «^cco**v^ 1 lx.licci. 

(g) Incie^rit4£ tat> &cca.*e_ - The ii*^t ot U.c 
^ccurac^ ui tne w*L- exll u^ci 

uioa tlie j^it-cifcioa dth * nicn urieiBal cun 









%x» 3i's»«9i^\>^^!iix*ii^ t.o iH» XiUk*h% -kii 

^aXvi. C«4iX«. X**-QX ^X X%»CX <^321^ •*• 

ca2*r^i.S4.or*dias ch^i^e lx\ clxa-ii, 

alTfecting teitiiwi ozcLll^ior rr^v*-s»itQ^ or .^a^tooxh slui^t 
A great xir^raviiSiasrAt in ac^i;i'<Ac; ua^ b^ obtained i*ruu. 
the u:^^ of a a.'ulti-ai.viua j^i^iiar to tb^t 

in synchro s^ntcxs. 
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^ X • ^ * A. ^.44 ^JkX Aiut * 4lk V- a* 

^♦1 i:^|>1^2::4(tlaa of cixeuiti^ us^^d* 

(^) hloek dia>':r.^fei — lu x x» ^ liXocr. 

di^igxaii* of ta% iur> u&cu. obC<*in 

^^rXiCitrui Lx^Ui cyclic uJtid ^iujt Oi-fciuiiuu 

i& A gKfi:i«.x*^wr (H. i'* 

McHi«l #. 10 -A) t^xuviv^iijs ^ £>uii£a*^biti q;ycilc 

wav*i>iux%i^ «iiiu cu«*ti'aJLl4^'Cl i^inglo 

SigUt^I tti/ 2 .ixx'u* ^'141^ %»u,Vcrolw ii. 

1^4X3 uiW ^nvi 4 >jt^ rXjs^jUu^ fci.ikw i^faeii 

itm riii-ria^ f:XtAilt»ii,4»outi> ^«5'.4-a6 tuts c* 

Tlie of too u^-^us tii«sf tuuv 

allowing lOOkc w tiic eou 4 it«?s o^vx .itiiii;. 

ik<; trigg^^riiig ♦.^v€X’ur*i* aj, 4 X 1^4 tu th«i g^jk^tooth 

gc4i<;;roiitii. circuit to i^rooucc «i lLii 0 *a^ voXt i.%i 

UX^t|iUt» is CU.aa 4 .^ii 4^Xirli tii^ iuv«ri 

er-t<fc^ tv40 ijeiii>ot ifclucii lutix«Xuccs uutii 

^Oid ^ <l<uX-.»>od is fs’04*- ti-«s 

coXk.jj.!iakXr .4 tor» "Xii-4».s ^to^-S 

0^i*x iwx4 of i&XlO&iiiK, txic tots&i COOitt 

to staaitic rwU««ol«? Oi^ Ui«r o^Koa 4 bu«dXc^toi 4 », 

(b) U,uiitiJC...ji>.<i>#^-a>.I.ij..d.,.,.gvii»fc^ i il 

is thm scnew*tic of tars Cixeuit, o 

sk»,tc*.os critical ^AV4.ior«^. Xho tri.ct*-x*iic u^hj 
feavfc (1) (u 4 »ositlv^ ^uXjlO of ^t X^^st 5 volts ^te- 4 ,litudo 

^ 0 ^X 0 o^q^u-iXi^ oco - |,i»t<»'ti^ ^ Is 4Su*iijj>XXX 

iu YX, wlilcn is biasoii bo^woo ^X;Ati. CwSrixiit cutoff. 









1 tr. 


(1) •- 

60 cycle S(iuare wave to 
VI grid 

(2)” " 

1 

i^aveform at Y2 grid 

(s) - i 

Waveform at VS plate 

(4)—"'- 

' ^ Waveform at V5 grid 

(5) - 

Waveform at cathode 

(6) 

Waveform at V9 grid 

( 7 ) 

Waveform at V9 plate 

(8) 

Waveform at VIO plate 


Fig> 6, Critical v^civeforms in the llnegr 

sv/eeM and comparator circuit 

Since a pentode is used, the trigger causes tne tube 
to conduct strongly- and a large negative pulse appears 
at the plate. This negative pulse is applied to a 
monostcible laultivibrator V2,V3 which generates the 
4000 micro-second negative gate pulse shown in (b) 
above. This type of circuit is used because it is 
less susceptible to ciianges of gate dixration and 
amplitude caused hy tube changes tiian are cathode 
coupled circuits. The negative gate at the plate of 
V3 is direct coupled to the grid of V4, wiiich acts 
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uu a ?^itch t^fcc. Tix ccu’Iing 

etart of i-ijitch a*. txo#i to ice imU.^ enuetit of 

raietitlai. t'rif\’u t,Cj , !lx%v tiiooit^ V4 It eXo&^ 

exc. j t CvTiu^ the 4^Xi) i»icro-i»ecciids ch rolloti 

tnv Ir.o s^mtootn 

to tiao or ttic i^ioducing ^ voit^g^ 

that Increa^^et Mine rx> •s-itn tl«* lat circuit it & 

bootstrai.. generator j^-lus an Iritegrsition net>.ori-, «hich 

tcnac to eiiu*lxiaiC tuc Ucrivltive of tne 04 . 1 ^ 

tootn wit, yti rise ^^ili• htne^ incievr cs^ tsm iu*v.rit> 

of thfe A Hue v rUv ( 4 ) occ,.i j ti\L £ria 

of lobe V5 i*ul u rite vi^icrh 1“ xvui* ilSiC ii but vs^luich 

occux%% at a lower •! the c-.t^u^e. 

the irrid Vfeioiu ::^avv;s> a;, the to th-ts 

The aloc'.# V? selects ri^^c atove ieiexeiiC<? 

level i’row the iielx. sMi tl.e t*;.u 

cii^t.uci of at tli%. c ith-oue of 

W (o) , ^ua&i--uirfcienti.»tioii in the grid elict^it uf 
tra. Vw uiiC. .iriV3:-4ut*tlatu^ .x; ix* U*a 

tw# \cox tne Wk.veXt/ic.«> C'‘ »* - mo 

hlatc of I'B. Of tti<. thl*eC' ^IilLeX %!.nicn CU^, i 1; e -ThUii 
Qutyut onJl^' tixe Centex* oxie Is of cons**,. uui^iCe* 

The left -uiue of tue grau^ oceax's «jt tac rctv^enc^ 
tlm (^ t*vi:*.r is xntroilucwil iato vhe x-» ct.**.) cu-vd 
i,. cue to vuim^fe^ re^uXatian of tiij* . Ic*^. 

Taa wife-t o*. t »i£r |.i>l .te on ti.^' contAOxuLlx^h 

the gate tu> e ih o\eii ivi.4^ri Iv t:.e r. 'i i ^X40 so^cri 
siji^ Xtane^ouXy 4»xitex£ i tMt clxcultv %ue Ce.itc.* ^ vJLmS 
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Lii ti,K onq it ill « vuU bti 

wVtrfJl liKAi.titi.X’^ ^ iil’w t» •<iw.«4ji 

^> U.X» Arib^« jkttLiS j'4«-X2'U fc,/ tf»4(iSi Ijj-kiiv*. jft i»j^.-"“X ^ 

X»iv tru.ird xs tiut^ io ux^rxtiCiitxut-fcvi* ui t.£*^ 

Xll lliWi ll;V OCCv^il X**^ 

xx^^XxiiX v^Xis^^si* 

ik^miiiv^'i, nli.Cn ihx. h;it b-^i4. 

b> ti'iv ^vmhl^ ikkjrXcr, txJ,® ^ulx^ ]^.ro'v*ucA^a i;a 4;ii€*.t* 
Tii^ ciiX'^xt ^cxi^aac/ i..ri^.r:.Jv* 

Crj.^<£^Cx irOi. X irf / C-^ a<XVj 

iXtXtiar iJ. ^ U.^ \u^i:l\iK.S* VaC^v..^ ttb^ 

riOiiii.xvvUxt^ it iutt *l.j£ ^ tbk- 

Xi^xij^oi JL^ • > 0 'ti»<iwLc» iv *.«X^ • 

Oi ^Vij ai^C' •>»* ^Cjr tjar Xv. Ir t»w.-. ^ 

%?***«».C»A-* L wl-W &W|f Xi XW'->i& 

•v^^XxCiinM^Xl CC-iXxC^' '1 trli'.^ •-•Xv>v>*C' \W «iX->ri'^ ti-A <».w-ii-1,^•■ 
j.4^.iitixi t. 

._a,_.._ij.xAX-'-_A-i • aixw cxaXwiX JTiji'' 

Csii^Xit ii *«cii'«rai «dUi« i4^^.iVX’u^^«»v*X wi Cxatw) 

COtU4to^i i&> ♦•XtOt'feit Xa- 4 * XxX* i^Xi.aV' SwiCai %iiX4« 

v'ii^i4£fcvcict■%# JL]^ i>> hs-a w-xi <!i Cwi^afti iix xiX« 

Xt't'ix0'i4XfcC« <»*X4i^« .A4-* If«. vf«< viv x^xvw * Xi»^-i i a 

cxxov-ii 40i.A$yt ^c-Im x<*r'X toivi' 

SwL. caw.vrt Vc W cu^cuct t.OKi*N,iiUuriiv ^ 

XOV t'iiv* jri^iCi«ii%j&X ii^. ^ to t*ii*« 4V<«.XwtOXX 

Of Vi <*»»•> A^iZ vi<v V^C-«>X feM^CtauHttw vijt, xX.«.^*»ji>^w^ 

lArOixwXil tfXili*' Clii-i«i*0\»a Vi*.*V4i CX'a>i»Cc»C i t«t»l^<<^ XtoJ U - C*-> !»«*«. 

t»-^fJU^ 1^1* >« ViX'ti.^**'V^i J&K*» IJL*tlit*vl 4V»C t is,<»it Ox 
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*ric.Cvn<i ir.to Vc* VI Tk, 

rcLtori.iife car^dixior^s* ^ hcu^vvr Vr 

coi;diiCtjj[ig ^ i-OwitlYv V4^ vi4» *• u:w .«tij^g 

ok* tCiv COWit^k. It x& ^ii'***k "v* x*t Xijutt 

^aci* tit .1^4. l^iiX at lu-ir tt;€ fill, of 

iui. i,rtC€vciAg lr*clus^ori of 

ixidlcatoiii a& &liO‘%u tx*t. circuit to b^ uxt. • 

as 1^ eoiaitur. 

j^iovision Lt fc;! rv-tunuut 

cou^^tci to aicio i-t to*. tufi 2 JE.ii*£ oi' <;.ich cou;t^ li.vifciy 
ivv^uiring Ufcul tutti V; ui «^Ci- it tc cut-o^r, t;x 
trigger i-uiii. jlI tw Cl* >ix .c>4tv^do 

ol* t^x U'X^ Ciy • !-«. X ik CKyOiXCt ud to tl<. oi tX 

tlx ci^stui ^loit ii tili.:.v^il it*3w 

Vwits^ 4 .^ tic'-rsiw::^ oi t.x ii i-^. oi VX, of 

tJCX l.'S ii^iivs tf.-s^ CaJSIwI 4.tOVo f,xviciiC 

Utr.fc., c.-v&iu£ Vi to cosxuct .u /; w Ic 
cot 0X1 • *;U>- tl H Cut- 0*1 it Clx%ivl* wfc«.t| it 
mclog to tri 4 g4.r tix roAloriut, b«t tuts cffuct 

It ov^iTtc^vu iix licuaX lus tj:x VI 

4 .rlo cl ttu-l it 

Xu Ux ioitoi of tlx cow-t«*i ti^ ting 

f^CsOvI-C; It 2Cr‘!OCt:r; ^a-./ ll ti-^ 

OOO'l ii5 1 O ir-ti-Gii « 4-iO^* J; t-* l-iwiti t Wi»-t^ O* 

X<l»x*(^v 2 Vcfrim oi grxtt liitd ^ Cv?t*i 1 X 4 ^ 4 ^ c ^ 

ir *ai i*i I'cx-Lilt illof ^xircr*^xc, •.?> 

co**s 1 CX 4 - cC v^uLiz ari . 
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«:.ct t..b« eircvit - Tu.t circuit, 

».uicb caatrols Uit, w tht eot 4 rit;.r, i& :...ow. m 

tl* .i£. IV, VI ii.A Vk a flijt-fiuj eo: iivAiw;! 

tuhv Vc, Iutruaucii«a o-I tut. ,ofcitl¥t t.rT i,tto 

Co kiaI Cvt tilf Vi «»i_. Cut uji Vi M tuSitivc 

iUXte jj.io Cu Rtil e-t oIT V£ Cut ou Vi. 
lue circuit euiiat-iiti oi’ tuv ajc su 

taat ttiif ol Vi bcLi^eit uLiiUa i„- iu.- 

,.ius to Tolls aud t »is jotfefttiai Is rosiaWiCt. cw. il«ii 
to tfic a‘;cvina caiitiv»l gi li vf tu&- ¥•., ^ tti- c* . 'K»dc 
oi ¥4 is at , .i a it, vjltu, t:;w „ctAu« a:' t-t iii,-i’iuj. 
8 ait;gt, tiife sccoiii cooliui aii to r' ,ot«ntiui -ut {V 1 » 
•situcr b io» eutolT or utott eitix>ae ,utWiti.Ax. Ij*. 
out.ut iio*. tns. iuOftC oiciiiator (it 
Cor^.oratijn luiac Cttuvi tor iofltr Vo-i *.-,i uu 

lJj« tjt. f,rib.f/,tal sot-.;,) 1‘ tV i iuto tu j ir. t cuutrol 
grid of V4, *o t-.,.t uut,. t nc ob* 

at UiC 4 t,iu iii,-fij, s» i..^u t*?. .T.^eoaa 

COJilrii fri<j OuitiVt:, w,». AuV.iwwU tl.‘ 

Vo to iOVllt li.u , tii-v. Sutt.iiii 

for axivia^ Uit! -ouitui. 

Tiit. Cti CXiC O^ %.Z Olloil oi lii'u ,.at4i CViiSl* IS oi 

( 1 ) Int latrodcction oi t.,u . 4 ,. j tud irox. 

1 -air LL cyclic t»2*i; I 1 ^ 4 it-- jV4a.*.t cii 

?4 ilt.o U.tXQCuClX^^U Oi tu t-s- . (5 ) 

t '-*. CimVai-i ul ti*«^ OutjUt itc I'l w. tr*t; -i tul 
to I <, t til*. tXtj^—iXw^ jla^j tt»K i 
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(e) 

Itljrc^ilu .-o.jj 

Qit C 

. its 

il l. V ifco L 

tM 

•V r 

i, jfcAiuiii^ C0«^ 


tf-.?- ov<,Taxl t^. stv*. 

liiC 

>r 

A ^ 

U1 «- 11 • X i. I 



. v^v g. 

isx 


Tut-^g VX Iftj,- tx ^ tw ci-.^ i>Uiai- 

Ci,^4biv. ^r ir^auclr*!, a risirig ^-Cii^ivc ^’.*i.ius8. 

Mf sux^rici^nt to ai iv*; ti'.c lo-- ^‘m turn 

rXT !il3€( ca.t^ v.t rxow «». J- ..u^ric .wa is 

;>riv, Xli ii^r t't o*. ..i •t4.v>Li ikv«.x<i i-^ 

:^%ii ^ctJlj l\.r t. ii,*..: :-.4 Iv ^ *. 

l\b ft. W \4 e‘*>^4 . iJ t. ,* C^v»5U;J^ 

of filiilteii *1 tw coii4**tt -•in VC t- c^ t iiiif* 

*iht- itivolw t Titi': ia* ‘f V4 |« 

ti s»« . ». t * ^iSi *. V . L a X' 

‘ tv^. ea».,iXC ACu J* itcU-4-U^ t!ltt!V lti» f.ov*X . 

>.ro*-tAco rMiiIt iTv.t of itic vibrator 

clrCi.it iiviue**;! I *. cv»4.touix\^ uv. cxicw 

5> ^.'C*X T 1<^ ** ^ V“ t,«.l wi* wX-* 






t 
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f 


LlL. 

OiiK. ;£S:^iL, U,,W<atXO>ti, 

XQ ^<h.JPA'Jttr <-*V<j[jLi'-fi*CX^l* Qi HfcJE: l,>t»<v4te Xi,ltisw Xt.y ^ 

Wiit a4»W aLtaUj^<i lot ijaii-c^ cXic fei:at^t>iA, 

tile u:se Ql tiie trXg^%4i ibu; 10^. 

'V^l:*X<ai)Xe t^Vk*tt^t9i itX*' '4i<i * Xii oX ti^e Co***^^ W* • 
CXi^Ci'iXt^ iRivXC-il C«w*i.*tX»N?«i ci5*^l i&liiii*CeulitS 

i^btaXiiui^X^y • wiktlX Ci**# aiinXOi,.i«e 

I'^ia^v 0 to Jv)e cuita a / tw cJt-c output 

Uai ti.^ ♦ TLe ci'V id i»..v^ 

tvv» W 0 Cvv-iiv *^4. 4.»Jk-l-4^*4»UJR. UmVt- 

iawC wiiv’ 4,^ W4 vei tu ebt<..X{^ CeUUt^ 

latt- t**v> U«4W«% Vtt>ti»^i)eci i*. AXiit-fO 

ei* i Xl v»i.rwi ii. 44^^;. U*i Vi-i« 'Xirfe wilUl’ ill 

i‘i’'A*wfc*i XX(>^ v^4-^4»-i Ce XS« t{j(V «»Ctu4i *» 

LL C'C^ t»4ju^ i.l*e lil/*!, A* «*'. - it 

i*Ulx& *4 iwi C*4Ci.i Xfc t i. i.fs|^ Oi ll*e iitfXl^ v‘i* t: *K. «.i€J 

t^v di^it*Au^ ^ii,y ei.v iidr 

tv» i*ii. o;.ciIifeivwX iiOt ac/uwtuaieoi t*.w 

Lfi. V xixxt i^X - e to t-t C'^x * te • wtijf 
OCeuX* ctig? V «»4^t'4.«..lt; Xjki V it C^-*SvC:.. J.^ «4it .1' 

^*-»e tX JL -4 j^ii4Ajrre * kt X*i.*v i A X ^ •■•i i'*/^ & ^£i-s. * 4- i 

Xv<b^uXXX#> 4iia I i v^CX^ivXv vawMii^ lit oX XX*»A ieX' t IWkt 

^<4 it'V' kMtXCX C ^ ^ j. X*X^ tv>e l»ii Xj^ 

X^iiOl&Xa^ 4.iirv tUAXit: %Xli Uot cet tUou^^Xi 

t»X44i» CvyiiUiLt «»4hAi Voij Lvt*«^^U tKj 

liaGi^wi*x2xi.e t^c a.ciiiatui xxii ic-wv* 






Vdiriatioii, bw-t ^ is i*at 

W abtujua tn«5 a^sired «t«ci>r£ic>. Iti tbfc ii.st^ 
b« r»ot%td ucciiriaa^l eiiur of 
Ttils is t^iicvca CUV w tifv cauxitvi, tijfe 
operation oi‘ i&nicii occasioueci «oie oitficult^ 
otne! ^iec€r ai m ^ux^»MLxt^ run«., iur 

ttlilcli data is not siio^^u^ ^roduc4.-d tla^ 
results «is tnv iucludwC data Dut coutaiiivd iiu«.a.ra^s 
%.^'rors, usuuil^^ «il wlti|,lvs af a siugic; 
sucii as 4. TLts iiiciicateu iuturis^^^ttcnt o^^cratlo^i 
of soa£(> of co'wiitei * LviUatvO ad^ust^^ttrAts 

ol tae coxaitt^r eii&iuatvu tix-sv r«.pe.*tiiig eirors, 
ana all available tests icidlcwteu ;.atisf«^ctar^ 
perforfi-uacv i:y tne cuuiiiei d-- rjuig ti:*v *.ulse 

data ruii« 

w*£ Cyclic Oi^^x^vlQU. 

The Oi-eratluii of tije conv^itwi cm a 

cyclic bcitis te fuliy* succes fuljA ax^ 

ao ctaW of «ui wXa vi Icdwnwl nature is 

%i«m5 t>‘^ output of tiiv tute j,ate viesi^; ou a 

tifS cyclic o^ei-tiau of tJUe eow^ .1 tar 

ai jic.-iS ed Ivtei^ satisfactory . h or v^xy mg 

gate was obtaiaed for cviros, oiidiug variations Ui 

bvliAot sottiiig 04*1, ixi *0 *ai in<u caunt 

caulu CO &a4v on 4 ^ OO, to ^ ielii rosuits m 

co*i*Alctv conian^ty with tiu^l oL»..ii;cc un -01 ouu . nut 

Oi-vr^tion* biuliui op^r.t*.or4 couid irct tv 

uitu th^ covatcr. The ,-.rfora^AXv of too cotuit«.r 



IQ 


resetting iic#t <m,*- ^h*; UiCiv^tiou 

«a«k tirw ta coii^l&tvXit -^ata 

avt?! this eiitiiemii^at For coi^rits tot«iiri 4 & u% 

am Ufidi^r, obeervatle a'c&vitfc^ ofct<iin%Ki 

di&'cauuisctix^ tii^ la£.t tmm^:. or tu^. , 

Tt*m output ili'iC r ai*o xi* conforixit^ iN-ii; 

aliigX^ o^.or«vtioii «u^c*i t ti-ut tm €>ciie Wtai 

count for is;^cn oi tiiu bsLli^ot u,iS fio^ 1 to 

5 cotiita tulov trxit tnt- £ix^£l« 

U4..t?r-4ttoj^# ihi& is ufcii^vcu to tm tx^v constants 

In tho circuit ht^iug triaii tm cwonting 

lul^m latoivol, closing ono or ^me euuiitii*^ 
to b<i^ ov«iiidu«?n tm £<ffiOUMe Aii attuw^ta 

to dtcit ta t:*o cvxi<: icint ol tJit? Z€iaii>^ ciieuit 

rr£ult%^ in ixS. savisf^ctoi^ op^x^Ltiura of tm Co iX^i ^ 

^ ^ (X>nc lus ions * 

fao r^usuxts oltdinua oxwictota? t*i#t iUfe 
ix'vtilsu is correct and tmt corivtiLSion of to 

<iii;lt X data it Xilc. roi ^ Uoi.Sto4.stxoei 

wuoi« «in4,^u o^ r-tioR onl^ x& J 

itsfl^tivciy si*H t/fctui, a»^i-ifeXi«..i mxein is * c* 

ror tbu wri- i%?cxlistic t^cXxc U•.xis*uisto,iou 
a <i«;finite ncik* is xnaie t^x fox foXXo¥U* 4 , 

XtfeifcJ 

(a) i^i,iovxXi« 2 tt of tno ^t^iolug circuit of tnt. 
binai^ counter is «fxxu^itxo^, 

(b) I&^rovcxAnt ui ttiU Xif iCv« t xuXa A t4L4 ^ S 

of ti/u lA torxt'cn at’ tiaa usx uf ^ xX^^ ti i.nt** 

toim&sn foi coUiXint, sbouXu ixAcrt.->a aai^^lXtuic acxectiux.« 

«»»«»• 


iuetre. 




Si 

PcaJs>.€, 

So(A,rci^ 





PLATE I 


Block diagram of Data Converter 
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PLATS I 


Block diagram of Data Converter 
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R1 -LOOK 

R14-350K 

Cl -.01^ 

VI -6AC7 

R2 -150K 

R15-22K 

C2 -.01^ 

V2 -¥6SN7 
VS -|6SN7 
V4 -|6SN7 
V5 -|6SK7 
V6 -i6H6 
V7 -|6H6 
V8 -i6SN7 

R5 -4.7K 

R16-10K Pot 

C3 -50/^ 

R4 -150K 

R17-30K Helipot 

C4 -.007/>*f 

R5 -IM 

R18-0K Pot 

C5 

R6 -50K 

R19-10K 

C6 

R7 -22K 

R20-22K 

C7 -.08aC 

R8 -300K 

R21-100K 

C8 -.08^ 

C9 -360^ 

eio-.oow 

R9 -300K 

R22-22K 

V9 -6AC7 

RIO-IOOK 

R23~56 ■ 

V10-i6SN7 

R11-150K 

R24-47K 

Cll-.OVf 


R12-22K 

R25-270K 

C12-.1/5 


R13-250K 

R26-.1M 

C13-.004/><f 

C14-60^ 



PLATE tX 

Linear Sweep and Comparator Circuit 
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R1 

- 8.8K 

R9 - 

4,7K 

R2 

- 8.2K 

RIO- 

4.7K 

R3 

- 8.2K 

Rll- 

47K 

R4 

- 47IL. 

R12- 

47K 

R5 

- 47K 

R13- 

4.7K 

R6 

- 82K 

R14- 

500K Pot 

R7 

- 82K 

C1 - 


R8 

- 82K 

C2 - 

50^ 


C3 ~ 50 aj ^ 4 £ 

C4 - 50 / 1 ^ 

C5 .-.OOBujf 
XI -1N34 Crystal 
V1,V2,V3,V4 
-46SN7 

V5 -Neon Bulb 


PLAIE III 


Binary Counter Stage 
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R1 -15K 

R16-41K 

V3 -6J6 

R2 -27K 

R17 

-185K 

V4 -6AS6 

R3 -27K 

R18 

-lOOK 

V5 -J6SN7 

R4 -270K 

R19 

-2.2K 

V6 -Neon bulb 

R5 -27K 

R20 

-lOOK 


R6 -27K 




R7 -lOOK 

Cl 

—lOiyt^r 


R8 -lOOK 

C2 



R9 -18,2K 

C3 . 

-50/Sc 


RIO-IOOK 

C4 - 

-.04«f 


R11-47K 

C5 

-100;^f 


R12-47K 

C6 



R13-4.7K 




R14-4.7K 

VI 

-j6J6 


R15-47K 

V2 

-i6J6 



PLATE IV 


Flip-Flop and Gate Circuit 
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R1 

-.IM 

R2 

-an 

R3 

-•IM 

R4 

-2.2K 

R5 

-•IM 

R6 

-2*2K 


Cl -100^ 
C2 -Sywf 

VI -i6SN7 
V2 -iesN? 


SET- Pulse Amplifier 


% 


f 


•*- 3^6 ✓•/</« 








R1 

-68K 

Cl -350/wf 

R2 

-68K 

C2 -350,.v«f 

R3 

-82K 

C3 -lOOA^wf 

R4 

-82K 

V3 -46SN7 

R5 

-250K 

V4 -|6SH7 

R6 

-250K 

V5 -Neon buibb 

R7 

-220K 


SI 

-STSP 

switch 


Au/ie 


Pulse Source.for One Shot Operation 


PLATE V 

Miscellaneous Circuits 
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Dial 
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